Background: Text messaging interventions have shown promise in helping people quit smoking.
INTRODUCTION
Given the fast pace of technological change, timely evaluations of technology-based behavior change programs are needed. Over the past several years, a growing body of evidence has accumulated in support of the efficacy of automated text messaging programs for health behavior change including smoking cessation (Free et al., 2013; Whittaker, McRobbie, Bullen, Rodgers, & Gu, 2016; Whittaker, Merry, Dorey, & Maddison, 2012) . A recent Cochrane Review of 12 such studies concluded that these mobile intervention double the chances of long-term quitting compared to a control condition . With increasing evidence to support their use, adoption of these scalable programs has increased (Abroms, Carroll, Boal, Mendel, & Carpenter, 2016; ITU, 2017; NCD Alliance, 2017) .
Typically, evaluations of mHealth programs have relied on data that are collected through a separate survey designed for evaluation (referred to in this paper as "external survey data") through an in-person, phone or web-surveys conducted by the research team, rather than outcomes captured as part of the intervention (referred to as "internal program data") (Abroms, Boal, Simmens, Mendel, & Windsor, 2014; Free et al., 2011; Whittaker et al., 2016; Ybarra, Jiang, Free, Abroms, & Whittaker, 2016) . However, the collection of external survey data to track study outcomes and effectiveness is time and resource intensive. Thus, different and scalable methods to assess program outcomes are needed. One way to achieve timelier and less resource intensive evaluations is to make use of data that are collected as part of a program. Internal program data are generally collected in routine intervention delivery, often to enhance or customize the intervention, and may include surveys that are automated and repeated over time. In some cases, programs may make use of the same (or a very similar) assessment questions as those used in external surveys. Internal program data may offer the advantages of being collected automatically, being significantly cheaper to collect than external surveys, and providing information on a real-time basis (Riley et al., 2011) . In fact, some studies are already relying exclusively on internal program data to evaluate mobile apps for smoking cessation (Ubhi, Michie, Kotz, Wong, & West, 2015) and text messaging interventions (Christofferson, Hertzberg, Beckham, Dennis, & Hamlett-Berry, 2016; Cole-Lewis et al., 2016) . In contrast to the potential advantages of using internal program data for evaluation, these data may be subject to a number of limitations, including low response rates and the response bias that may come from participant knowledge that survey data are used to enhance or alter the ongoing intervention. Perhaps most concerning are the low response rates for internal program assessments. In the case of text messaging programs for smoking cessation, previous studies have found response rates for messages to assess abstinence ranging from 34% for the 7-day post quit day assessment to as low as 4% at the 6-month post-treatment assessment in routine intervention delivery (Cole-Lewis et al., 2016) . Response rates of between 74% and 62% have been found in clinical trials, with a general pattern of decreasing rates over time (Naughton, Riaz, & Sutton, 2016) . As efforts are underway to roll out text messaging programs in low and middle income countries to address non-communicable diseases such as those caused by tobacco use (ITU, 2017; NCD Alliance, 2017) , studies are needed that investigate the effectiveness of these programs. Moreover, as these programs may be adapted and modified over the course of their implementation, studies are needed that investigate their effectiveness on an ongoing basis. In the absence of external survey data, internal program data may prove informative, but studies are needed to investigate the concordance between these assessment modes.
Using data from the Text2Quit study, a RCT of a text messaging program for smoking cessation (Abroms et al., 2014) , the current study examines if internal program data, collected via text message, can provide a reliable surrogate for external survey data. Specifically, the study seeks to answer two research questions. 1) What is the concordance in responses of smoking status between those who responded to the external survey and to the internal program text message assessments? 2) What is the concordance in quit rates between the assessment modes when assuming missing = smoking?
METHODS

Study Procedures and Intervention
The study was approved by the George Washington University (GWU) Institutional Review Board (IRB #040810). Recruitment occurred between May 19, 2011 and July 10, 2012.
Recruitment and enrollment took place on the Internet through Google keyword search.
Participants who searched Google with keywords related to quitting smoking were displayed study recruitment advertisements in conjunction with their search results. Clicking on ads directed participants to the study website with a screening survey and informed consent procedures. Participants were at least 18 years of age, smoked 5 or more cigarettes a day, had a cell phone number with an unlimited SMS plan, and had an interest in quitting smoking in the next month. This study examines the self-reported smoking status of the 262 participants randomized to the intervention group of an RCT of the Text2Quit program. Text messages provided participants with the opportunity to opt out and 30.1% of participants (n=79) used the keyword STOP to unsubscribe from program texts during the 6-month intervention period.
Additional details about the study are reported elsewhere (Abroms et al., 2014) .
Data Collection
Data were used from the text messaging program Text2Quit where internal program assessments automatically delivered via text message made use of the same survey question as the external surveys studying the Text2Quit intervention. Text2Quit is a text message-based program, which sends automated, interactive and tailored text messages timed around a subscriber's quit date to aid in smoking cessation. In an external surveys, those randomized to Text2Quit were found at the 6 month follow-up to self-report quitting at higher rates compared to the control group for past 7 day smoking (RR = 1.53, 95% CI = 1.13 -2.07, p<.01), (Abroms et al., 2014) . As part of the program evaluation, participants received external surveys that assessed, among other items, smoking over the past 7 days. In addition, as part of the Text2Quit program, participants received periodic text message surveys, which assessed past 7-day smoking.
External surveys were predominantly self-administered by study participants through Survey Monkey, but were also done by phone, text, or email where needed. The external surveys were given at 1, 3 and 6-month post-enrollment. Up to 10 attempts were made to remind participants to fill out their external surveys. Participants received a $15 Amazon gift card for each survey completed. The vast majority of participants completed the external survey online (1 month, 91.0%; 3 months, 90.2%; 6 months, 91.1%) with the remaining by phone, text, or e-mail (Abroms et al., 2014) .
Program text messages were sent every 7 days in the first month following a participant's quit date and then at 60 days, 90 days and 6-month after their quit date. After a participant completed the assessment, they received tailored replies (e.g., encouragement and praise, strategies to cope with slips and relapses) and additional help if they indicated that they had smoked. Data of text responses to internal program assessments were recorded on computer servers maintained by the Text2Quit service provider, Voxiva Inc.
Measures
The primary outcome of interest was self-reported 7-day point prevalence abstinence (Hughes et al., 2003) at 1, 3 and 6-month post-enrollment as reported to external survey ("Have you smoked a cigarette, even a puff, in the last 7 days?") and post-quit date as reported via internal program text message ("Over the past 7 days, have you smoked a cig, even a drag?").
Participants were considered abstinent, if they reported not smoking in the past 7 days. Saliva 6 was collected by mail from participants who reported not smoking in the past 7 days at the 6-month follow-up and cotinine levels of ≤ 15 ng/mL were considered abstinent (65.1% completion rate) (Abroms et al., 2014) .
Sample
To be included in the first analysis (research question 1), an individual had to report their smoking status to both external survey and internal program assessments within 14 days pre/post the external survey date. The second analysis (research question 2, missing = smoking) included the entire sample of 262 people assigned to receiving the Text2Quit program. Non-responders on either assessment mode were coded as still smoking.
Analysis
Research Question 1: Smoking status responses across the two modes (external survey and internal program data) were compared for response consistency. Percent agreement was calculated. McNemar's test compared the marginal proportion of consistent reports to external survey and internal program assessments and was chosen because it accounts for the dependency of data with multiple assessments per participant. Cohen's Kappa, a measure of chance-corrected agreement, was used to comparatively assess how well the two modes were able to ascertain an individual's self-reported smoking status (Viera & Garrett, 2005) .
Research Question 2:
The second set of analyses compared smoking status across both modes assuming non-response as smoking (missing = smoking) for both assessment modes.
Additional analyses compared self-reported and biochemically verified smoking rates. 
Modalities
Using the entire sample of 262 participants and assuming missing = smoking for both modes, abstinence rates reported to external survey and internal program assessments within 14 days pre/post the external survey date were compared (Table 3) . At 1-month, 30.5% of participants reported 7-day point prevalence abstinence s to the external survey and 16.4% also reported not smoking to internal program assessments within the 14-day pre/post timeframe. A significant difference was found between these rates and κ=.53 indicated moderate agreement between modes. At 3-months, 33.2% of participants reported 7-day point prevalence abstinence to the external survey and 16.0% also reported not smoking to internal program assessments within the 14-day pre/post timeframe. Rates differed significantly and κ=.46 indicated again moderate agreement between modes. At 6-months, 31.7% of participants reported 7-day point prevalence abstinence to the external survey and 12.2% also reported not smoking to internal program assessments within the 14-day pre/post timeframe. A significant difference was found between rates and κ=.42 indicated moderate agreement between modes. A total of 15.7% of participants were biochemically confirmed abstinent at 6 months (Table 4) . Verified rates differed significantly from those reported in external surveys, but did not differ from those obtained by text message assessments. Kappa values indicated moderate agreement for external surveys and fair agreement for text message assessments.
DISCUSSION
The study examined if internal program data on smoking status, reported via text message, can be a reliable surrogate source for external survey data within the Text2Quit program (Abroms et al., 2014) . Results indicate that participants responding on both modes reported smoking status and abstinence rates across modes with good consistency. However, dual mode responders reported high rates of abstinence with few admitting to smoking. This implies that relying exclusively on complete cases from internal program assessments will vastly overestimate cessation rates.
Using an analytical approach, where missing data on either assessment mode were assumed to indicate smoking, there were significant differences in how individuals reported smoking status, with internal program assessments estimating a lower point-prevalence abstinence at every timepoint. At the 6-month follow-up, abstinence rates obtained via internal data were closer to those biochemically verified compared to external surveys. Notably, abstinence rates based on internal program assessments (12.2%) or biochemical verification (15.7%) at 6-month follow-up, are comparable to those in the most recent Cochrane review of mobile phone interventions . These results further encourage testing the use of internal program data as a surrogate for external survey data on smoking cessation outcomes.
Despite significant differences between survey modes in missing = smoking analyses, uncorrected percent agreement ranged between 79% and 82% and Cohen's Kappa indicated moderate agreement. These findings are in line with and expand the existing literature. Previous studies in tobacco research have compared the agreement between baseline assessments conducted online or via telephone/mail, and reported generally high consistency of findings across survey modes (Callas, Solomon, Hughes, & Livingston, 2010; Graham et al., 2006; Nagelhout et al., 2010) . In contrast to these previous studies we used text message assessments and compared follow-up instead of baseline assessments.
More participants completed at least one external survey (88.6%) compared to the internal program assessments (49.6%). Moreover, higher rates of abstinence were reported to external surveys than internal program assessments at 1, 3 and 6-month follow up in the missing = smoking analyses. This is likely due to the rigorous follow-up procedures in place for study evaluation in the Text2Quit trial, with multiple contact attempts, and financial incentives for external survey completion (Abroms et al., 2014; Brueton et al., 2013) . The external surveys were used as the primary mode of study data collection, whereas internal program assessments of past 7-day abstinence were not designed for the purpose of study evaluation, and were selected only if completed within 14 days pre/post the external survey date. The higher general response and abstinence rates reported to external surveys can potentially be attributed to these procedures. To increase response rates of internal program assessments, future studies may adopt similar tactics as those used for external surveys, including multiple reminders (e.g. a text reminder to complete), and where possible, incentives for internal program assessment completion. However, it should also be noted that fewer than 50% of external survey self-reports of abstinence were confirmed by biochemical verification. Compared to biochemical verification results, both text message assessments and external surveys had similar across-mode agreement, though internal program data abstinence rates came closer to those obtained through biochemical verification.
Limitations
We relied on self-reported smoking status data, which may introduce social desirability bias. Dual-mode responders were more likely to be female, better educated, smoking fewer cigarettes per day, and less addicted to nicotine compared with participants who did not report smoking status to both modes. Education level and level of addiction are positively associated with quitting smoking (Hymowitz et al., 1997) , and may introduce a selection bias among dual- (2016) also reported that women were more likely to drop out, compared to men, which is contrary to our findings. To test the potential impact of selective non-response, we conducted sensitivity analyses for missing=smoking models stratified for significant baseline differences, which remained inconclusive for education and smoking behavior. However, there was a consistent pattern of higher agreement between assessment modes for women compared to men
(1 month: women 83%, men 82%; 3 months: women 81%, men 76%; 6 months: women 83%, men 71%). Another important limitation is the timing of internal program assessments of past 7-day smoking did not perfectly sync with the timing of when participants completed external study surveys. We observed relatively low internal program assessment completion rates (only 
Conclusions
The ability to rely on outcome data collected from within a text messaging or other mHealth program has practical advantages. Information collected by text message could alert program managers or researchers of needed program changes that otherwise would not be discovered until the program has ended. While the programming and administration of additional external surveys may require additional resources, program text message assessments can be easily incorporated into interventions and thus save costs. Also, by using internal program data, multiple intervention versions can be evaluated more rapidly (e.g. A/B testing), as well as versions that capture individual variation and changes over time (Hekler, Michie, et al., 2016) .
Such rapid evaluation of different program types or components is in line with calls for Agile
Science (Hekler, Klasnja, et al., 2016) , could help in evaluating factorial designs (McClure et al., 2014) , and eventually improve mHealth smoking cessation interventions by helping to identify the active/effective ingredients of these programs (Baker, 2017) .
The reliability of text message data as a surrogate for external survey data should be further tested in future research, including studies focusing on other addictive substances and health behavior change interventions. Programs should collect external evaluation data as well as develop and test strategies to improve participant compliance with internal program assessments.
For example, programs could externally cross-validate a subset of collected data with the aim of attaining high response rates, and subsequently relying on internal program data for timely program monitoring and optimization. If external data are not available to program evaluators, our findings indicate that participants who respond to internal surveys are more likely to report abstinence than those who do not respond. We recommend using a missing =smoking analysis of internal data as an approximation of the gold standard, biochemically verified quitting, rather than using data of complete case participants who report their quit status internally. Note: CI -Confidence Interval; * p<.05; ** p <.01; *** p <.001. 
